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EMBRYO CULTURING AS AN AID TO 
PLANT BREEDING 


GEORGE W. SKIRM 
Arnold Arboretum, Harvard University 


for the most part, only within a 

species or between closely related 
groups of species, and wider crosses pro- 
duce no viable seed. This limitation of 
hybridization has prevented the accumu- 
lation of much pertinent information re- 
garding specific relationships and has 
niade it impossible to obtain many desir- 
able hybrids. Many workers have shown 
that interspecific incompatibility may be 
expressed at any stage of development, 
depending on the species under con- 
sideration, from the non-germination of 
applied pollen to the death of the young 
seedling; with much of the incompati- 
bility expressed as abortion in the de- 
veloping zygotes. If one could overcome 
this interspecific incompatibility to pro- 
duce plants from normally abortive or 
non-viable embryos, a better understand- 
ing of the basic differences between spe- 
cies should result. The germination of 
“inviable” seed by use of an embryo cul- 
turing technic thus appears to be a par- 
tial solution to the problem of species 
incompatibility. 

The production of mature plants from 
immature embryos by a culturing tech- 
nic is not new. Hannig’ succeeded in 
producing mature plants of Raphanus 
and Cochlearia from embryos less than 
2mm. long, and Dietrich® has reported 
similar results on Althea and Ipomea. 
La Rue® was able to produce mature 
plants of many species (both mono- 
cotyledons and dicotyledons) from cul- 
tured hybrids approximately 0.5mm. 
long, while White?! demonstrated that 
Portulaca embryos smaller than this 
were capable of continued existence on 
a liquid medium. Stingl'? demonstrated 
by a method of transplantation that em- 
bryos are not necessarily limited for de- 
velopment to the nutrition supplied by 
the same species, and demonstrated that 


Pitre hybrids can be obtained, 
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with Hordeum, at least, better growth 
was obtained when the embryos were 
nourished by the endosperm of Triticum. 
Van Overbeek, Conklin and Blakeslee?? 
showed that the addition of coconut milk 
to a medium containing physiologically 
active substances aided in the differentia- 
tion of proembryos in vitro to produce 
the essential parts of a normal seedling. 
These experiments have shown that the 
production of a mature plant is not de- 
pendent on the germination of a mature 
seed under natural conditions, and that 
once a zygote is formed its growth may 
be maintained by culturing to produce a 
plant capable of existing under natural 
conditions. 

In many hybrids, normal appearing 
fruits are formed, the seeds of which 
either fail to germinate, or germinate only 
a discouragingly low percentage of seed. 
Such results have been reported by 
Blake,?, Tukey,’ and Sakaguchi!” for 
intraspecific crosses in the genus Prunus, 
and by Laibach,’ Skovsted,!* and Beas- 
ley! for interspecific crosses in various 
other genera. Examination of these 
fruits had shown that the seeds were not 
fully developed or had aborted, and the 
embryos were chracteristically shrivelled 
or completely dried up. Tukey and Lee?” 
and Cooper and Brink*®* have been suc- 
cessful in correlating embryo abortion 
with disturbed embryo, endosperm, and 
pericarp relationships. This type of 
sterility, now called “somatoplastic”’ 
sterility by Cooper and Brink,’ places a 
definite limitation to the extent of com- 
bination by hybridization and has effec- 
tively prevented the production of many 
genetically possible types. Tukey,’ 
Beaseley,! and others, following the sug- 
gestion of Laibach, have successfully 
surmounted this barrier to plant breed- 
ing. 

It became evident at the Arnold 
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Arboretum that the production of species 
hybrids was seriously curtailed by non- 
germination or early abortion of many 
of the hybrid seeds. In addition, many 
of the more desirable species could not 
be used in the breeding program because 
they never produced any viable seed, 
assumedly due to physiological upsets. In 
1940 and 1941 numerous crosses, previ- 
ously classified as incompatible, were re- 
peated, particularly those crosses that 
had initiated a zygote which aborted. 
Additional crosses were attempted on 
species known to produce no viable seed 
under natural conditions. 

In the genus Prunus, hybrid fruits 
were excised and cultured when the 
open pollinated fruits were morphologi- 
cally far from mature. The fleshy peri- 
carp was just beginning on its second 
stage of rapid enlargement and at this 
time was hard and green. The endo- 
sperm was translucent and jelly-like. 
The cotyledons had begun to differenti- 
ate rapidly and were white and opaque. 
The stony pericarp had begun to harden 
but had not become brittle. This stage 
is rather transitory and does not last 
for more than three or four days. Thus 
the open-pollinated fruits on the mater- 
nal tree must be examined rather fre- 
quently to determine the precise moment 
for the excision of the hybrid embryo. 
There is a somewhat slower development 
of the hybrid embryos, and this factor 
must be considered in determining the 
time of culture (cf. Tukey!®). 

If culturing is delayed, the incidence 
of abortive embryos in the culture is 
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very high. It appears that once an em- 
‘bryo has started to abort, it is impossible 
to stop this abortion by culturing ; abor- 
tion continues and the embryo is lost. 
The maximum size of culturable em- 
bryos must be determined empirically. 
This is undoubtedly associated with the 
phylogenetic distance between the par- 
ents, which at a definite point in devel- 
opment results in a physiological upset 
between the hybrid embryo and the ma- 
ternal tissue. The minimum size of a 
culturable embryo has not been estab- 
lished, but this limit is determined by 
the difficulty of excision and the quality 
of the media on which it is to be grown. 


Technique of Transplantation 


The hybrid Prunus fruits were surface 
sterilized by immersion in five per cent 
phenol solution for approximately two 
minutes in a transfer chamber that had 
been sprayed with a one per cent mercuric 
chloride solution. The phenolized flesh 
was removed as far down as the stony 
pericarp. The stony pericarp, the seed 
coats and the endosperm were removed 
with flame-sterilized instruments. The 
excised embryo was planted for half its 
length in a sterile solidified agar solu- 
tion containing sugar and inorganic 
salts.* The planted jars were stored in 
a germination chamber designed to 
maintain a high humidity under asep- 
tic conditions. After germination the 
plants were removed from the vials and 
placed in pots in the greenhouse (Fig- 
ure 2). 

With the genus Lilium the capsules 


*The slight modifications from the basic salt solutions of Knop (see Miller®), Tukey” and 
White” are given below. All were equally effective. To each was added (a) 1% crude shredded 
agar; (b) 1-3% sucrose or dextrose, depending on the age of the embryo (cf. Tukey”) ; and 
,(c) lcc. of a trace solution recommended by Skoog (unpublished). 


Mc/LItTER 
Knop — 800 5 400 200 — 200 — 
Wie. — 100° 2 35 1255 — 8 16 44 6 O75 15 3 25 
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EMBRYOS READY TO BE TRANSPLANTED 
Figure 2 
Culture jars containing hybrid embryos ready to be transplanted to soil. They have grown 
under aseptic conditions in a nutrient medium. 4—Prunus hybrids in two-ounce jars. B— 
Lilium hybrids in four-ounce jars. 


were surface sterilized with five per cent tribution of these crosses according to 
phenol and the entire seed removed from major groupings and compares these 
the capsule to be planted in an agar solu- embryos with the previous work with 


tion and handled as above. mature seeds under normal conditions of 
A f Result stratification. Table II arranges the data 
iodine: according to the number of crosses at- 


Five hundred sixty-four (564) inter- tempted and compares the results under 
specific hybrid embryos in the genus natural and cultural conditions. 
Prunus have been cultured, with a mean Examination of all the pertinent in- 
percentage of germination of 73.4 per formation in the genus Prunus reveals 
cent. Table I shows the taxonomic dis- that there were 76 interspecific crosses, 


TABLE I. Results from species hybridization in Prunus. T. ic grouping ding to Rehder’s Manual. 
Normal development Cultured development 
No. seeds Per cent No. embryos Per cent 
Species crosses maturing germination cultured germination 
Within section 0. 371 27.8 373 74.3 
Between sections 21 4.8 40 72,5 
Between subgenera 57 151 71.4 
TABLE II. 
Normal development Cultured development 
No. crosses No. crosses No. crosses No. crosses 
Species crosses attempted successful attempted successful 
Within section 0 169 22: 62 43 
Between sections 77 2 8 6 
Between subgenera 304 3 62 26 
Hybrids on sterile trees 0 0 29 26 
Totals 570 27 146 116 


*Here P. mandschurica when used as the male parent raised the percentage of germination 
excessively because of high germination in a single cross. 
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with at least two years’ previous records 
of non-viability, that have been success- 
fully germinated by the embryo culturing 
technic. There were 28 crosses about 
which we do not have adequate records. 
For the most part these were very wide 
crosses that would not have been expect- 
ed to be successful if allowed to develop 
naturally. The remaining 12 crosses cul- 
tured were those of controls or crosses 
that had been successful but had a very 
low percentage of germination. In no 
case was the percentage of germination 
following culturing lower than that of 
the natural stratification method. Un- 
der natural conditions 1,111 hybrid 
fruits had started development and were 
on the tree three weeks after pollination 
at full bloom. From the 449 fruits that 
remained on the tree until mature, only 
126 seed germinated. The difference be- 
tween the number of fruits initiated and 
the number of seeds that germinated 
represents the amount of abortion that 
occurred at some stage of development. 

The embryo-culture technic has been 
particularly successful with species 
crosses of Lilium. For many years Dr. 
Floyd Hager of the Massachusetts State 
Vaccine Laboratory has grown and 
crossed lily species as a hobby. Most of 
the crosses were unsuccessful until the 
embryo culture technic was adopted. 
Approximately 300 embryos of 29 dif- 
ferent crosses have been germinated. 
Fifteen of these crosses have records of 
non-viability under natural conditions ; 
five of these crosses have no records con- 
cerning natural viability, and the balance 
were viable crosses used as controls. 
One of the most interesting crosses, L. 
henryi X L. regale, fiowered last sum- 
mer and proved to be relatively fertile 
(Figure 1). When the F, was back- 
crossed to either parent, fertile seed were 
produced that did not require embrvo 
culturing to be successfully germinated. 

It would seem that the cause of abor- 
tion of interspecific hybrids can be at- 
tributed to an upset in the developmental 
relationships of the various parts of the 
ovary. The work of Cooper and Brink,* 
Tukey’® and Tukey and Lee!® shows 
that the abortion of the hybrid embryo 
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may be due to hyperplasia of the nucellus 
and atrophy of the endosperm which in 
turn brings about a starvation of the em- 
bryo. In this and other work on this 
problem, it appears that the hybrid em- 
bryo’s development is normal up to the 
time of its starvation ; thus if an external 
source of food be supplied to the em- 
bryo under the proper conditions by cul- 
turing, there is no obvious reason why 
any desired interspecific cross cannot be 
obtained. 

It can be demonstrated that abortion 
is a progressive phenomenon and certain 
parts of the hybrid embryo are affected 
in a definite sequence (cf. Cooper and 
Brink*). It was noted in certain very 
wide crosses in which abortion had be- 
gun, that if the cotyledons were removed 
and the mutilated embryo were then 
cultured, this embryo developed further 
and more rapidly than the partially 
aborted embryos that had not been muti- 
lated. 

It is obvious that the task of culturing 
interspecific normally non-viable hybrid 
embryos is just well begun, and the 
amount of progress along these lines de- 
pends on a number of factors such as the 
oxygen requirements of the young em- 
bryo, the tvpe of media, the need for an 
auxin-like material to help differentiate 
the proembryo, the direction of the cross, 
and an understanding of the relationship 
of the various parts of the developing 
ovule one to another. A combination of 
the technics of White?! who obtained 
growth of very minute embryos on liquid 
media and of La Rue® on slightly more 
advanced embryos may enable the plant 
breeder to obtain hybrids heretofore 
denied him. 

Summary 

It appears that much of the sterility in- 
herent to interspecific hybrids, as ex- 
pressed by the abortion of the partially 
developed embryos, can be overcome by 
excising the young embryos under asep- 
tic conditions and placing them on suit- 
able nutrient media. Four hundred four- 
teen embryos from 116 different inter- 
specific Prunus crosses have been suc- 
cessfully germinated, and approximately 
300 embryos from 29 different Lilium 
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crosses have been successfully germi- 
nated by using the embryo culturing 
technic. Work along these lines in other 
genera undoubtedly will enable the plant 
breeder to obtain many forms which 
were genetically possible but that previ- 
ously have been unobtainable. 
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ANTHROPOLOGICAL DETERMINATION OF 
“ARYANISM” 


R. ELLINGER’S naive paean of 

praise* for what others consider to 
be one of the worst cases of Nazi prosti- 
tution of science cannot remain unchal- 
lenged. I mean his description of the 
wonderful work done by the “famous 
old” Eugen Fischer and his black-uni- 
formed aides to make it possible to tell 
with certainty whether an individual is 
pure “Arvan” or has some Jewish ad- 
mixture. The background against which 
this great work is built might be of in- 
terest. The Kaiser-Wilhelm Institute 
for Anthropology and Eugenics, one in 
a string of research institutes, was more 
or less forced upon the sponsoring Kaiser 
Wilhelm Society by the Catholic-Centrist 
party which at that time (1925) held 


the purse strings of German science. . 


Most of the endowment had been col- 
lected by Pater Muckermann, S.J., who 
was to be rewarded with a leading place 
in the Institute. The underlying idea 


was to harness the rising eugenics move- 
ment in conformity with the wishes of 
the militant Catholic party. An anato- 
mist, Eugen Fischer, was appointed di- 
rector because of his affiliations with the 
Catholic party, and the clever orator and 
propagandist Muckermann became his 
right-hand man. In German scientific 
circles, and especially in the other fa- 
mous Kaiser Wilhelm Institutes, these 
newcomers who had ridden in on a pork 
barrel were looked at with embarrass- 
ment. But in fairness to this Institute 
it ought to be added that Fischer secured 
another candidate of the Centrist partv 
(Baron von Verschuer) as collaborator, 
who turned out to be a very good man 
who did excellent twin work and did not 
prostitute himself either—so far as I 
know — when the Nazis took over. 

When this fateful moment came, the 
“famous” Eugen Fischer forgot all about 
his Catholic benefactors and_ turned 


*Journal of Heredity 33:141, April, 1942. 
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Nazi:from head to heel. Elected rector 
of the University of Berlin by the Nazi 
faction, he set to work to deliver the 
University to the party. In his com- 
mencement address he came out openly 
for the Nazi racial doctrine, which he 
was now willing to explain and justify 
scientifically. Only a few weeks earlier 
he had delivered a public address (at 
which this writer was present) in which 
he had expressed the opposite opinion. 
At that time there was only one voice 
in German science in condemnation of 
this sudden change of front. But the 
Institute was now made the “scientific” 
center of racism. An immense staff 
was engaged in teaching ever-changing 
groups of physicians, Nazi officials and 
storm troopers the beauty of Nazi 
eugenics and racial theories. When the 
Rassenamt came in need of expert diag- 
nosis of; “aryanism” the institute took 
over this duty and young Dr. Abel, a 
beginner in genetics, the man in black 
uniform, did the work. I simply cannot 
believe that either the boss in brown 
uniform or the aide in a black one 
thought honestly that their tests for Jew- 
ish blood were scientifically valid. The 
Germans, are, as everybody knows, a 
complicated mixture of genetic elements, 
which prevents the establishment of a 
German standard type. The German Jews 
are an even more complicated mixture 
in which a considerable admixture of old 
Teutonic germ plasm is present from the 
time when the already mixed Roman 
Jews were settled in western Germany 
and intermarried for 600 years with the 
Teuton aborigines. Later on, in the 
Middle Ages, other blood streams were 
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introduced into German Jewry, Jewish 
blood of different provenience, Spanish, 
Moorish, Dutch, and Slav blood. An 
anthropologist who could pick out a sec- 
ond- or even a third-generation hybrid 
between two such polyhybrid strains, 
both involving a good deal of germ 
plasm of the same origin (Teuton, Slav, 
Roman, Celt), and who could do this 
with “certainty” in a single individual 
would certainly be a wizard. Not be- 
lieving in witchcraft, I prefer to call such 
an undertaking a prostitution of science. 

But to prostitute science, wherever and 
whenever the party bosses require it, is 
a part of the Nazi creed. They call it 
Fuhrerprincip and Goring once ex- 
pressed it clearly when he thundered in 
a speech (around 1935) that science in 
the Third Reich will be tolerated only 
if it produces ersatz raw materials and 
proves the Nazi doctrine to be correct. 
But I know that, at least in 1935, one 
other anthropologist sneered at the Ar- 
yan tests, which he was required to make 
and used them to save some of his col- 
leagues. from persecution. But this was 
not the “famous” Eugen Fischer. Final- 
ly, I have to apologize for taking Elling- 
er’s surrender to the Viennese charm of 
young Abel too seriously instead of 
brushing it aside with a good laugh. But 
past events seem to warn against such 


an attitude. RicHarp GOLDSCHMIDT. 


Ellinger’s obvious naivité with respect to 
Abel’s anthropology increased rather than de- 
creased the punch-situation of his account— 
namely that whatever the anthropological 
background might be, one of the basic foun- 
dation-stones of this phantastic “aryanizing 
machine” was mass perjury by frightened 
mothers.—Ep. 


Eugenics in Brazil 


Catecismo Para Adultos, by RENATO KEHL. Pp. 168, price 12 milreis. Rio de Janeiro, 


Livraria Francisco Alves, 1942. 
Por 
Livraria Francisco Alves, 1937. 


OR a quarter of a century Brazil has 
had an active eugenics movement 
led by Dr. Renato Kehl, author of a 
number of books on eugenics and on the 
psychology of personality. The two 


Que Sou Eugenista, by RENATO Kent. Pp. 110, price 5 milreis. Rio de Janeiro, 


books here reviewed celebrate the 25th 
and 20th anniversaries, respectively, of 
his commencement of work in this field. 
They give a clear and simple picture of 


the whole movement. pay, PopEnor. 


COMPLETE TRANSPOSITION OF THE 
VISCERA IN BOTH OF ONE-EGG TWINS 


B. H. Kean* 
Board of Health Laboratory, Gorgas Hospital, Ancon, C. Z. 


HIS is believed to be the second 

| report of complete transposition of 

the viscera (situs inversus vis- 

cerum totalis) in both of one-egg (iden- 
tical) twins. 

Congenital transposition of the viscera 
is not an extremely rare anomaly. Le- 
Wald‘ noted the relative frequency of 
discovery as: 1 in 35,000 by physical 
examination; 1 in 10,000 by dissecting 
room examination; 1 in 5,000 by post- 
mortem examination, and 1 in 1,400 by 
roentgen examination. Gall and Woolf? 
quoted figures from six authors: 74 
cases were found in a total of 558,402 
examinations giving an incidence of 
0.013 per cent. : 

Familial occurrences, however, are 
much more uncommon. In 1934, Gall 
and Woolf? stated: “We have been able 
to find records of only 19 instances of 
two or more cases in the same familv, 
and only 15 occurrences in siblings. Of 
these, there are only 10 in which there 
has been unequivocal proof of the actual 
existence of the condition.” The report 
of Feldman and Needle! raised the total 
in siblings to twenty-one. LeWald,® who 
has encountered 40 cases of complete 
transposition of the viscera, once found 
the anomaly in sisters. The present re- 
port, therefore, makes a total of 23 in- 
stances in siblings. 

Complete transposition of the viscera 
in both of one-egg twins is one of the 
rarest of human anomalies. In 1912 
Reinhardt'® published the only report. 
Unfortunately his excellent paper, al- 
though cited by Gall and Woolf,? has 
been generally overlooked by those biolo- 
gists most qualified to discuss the em- 
brvologic implications of the anomaly. 
Newman,!? who is considered a fore- 
most authority on twins, stated in his 


most recent article: “So far as we have 
been able to discover only five cases of 
separate one-egg human twins have been 
reported as exhibiting situs inversus vis- 
cerum in one of the twin partners. 
These conditions were discovered main- 
ly during autopsies of stillborn twins or 
those that died in early infancy.” He 
made no mention of transposition in both 
of one-egg twins. 

Reinhardt’s!* descriptions are so good 
that it is difficult to doubt that he was 
dealing with one-egg twins, both of 
whom had transposition of the viscera. 
The anomalies were found in twin broth- 
ers, aged twenty, during the course of 
examination for military service. The 
diagnoses were made by physical ex- 
amination and definitely confirmed by 
roentgen studies. The question whether 
the twins were one-egg or not is of such 
importance that it seems best to quote 
Reinhardt!’ : “The external resemblance 
of the two is extraordinary. If one does 
not see them together and so observes 
that one is somewhat larger than the 
other, one continually confuses them; 
even neighbors and friends often cannot 
distinguish between them.” 


Description of Twins 
Twin I 


L. M., an 18 year old white American 
girl, was admitted to Gorgas Hospital 
August 23, 1937, with complaints of 
somnolence, lassitude, asthenia and slight 
fever of five days duration. (The past 
history will be described below.) 

Physical examination revealed that the 
apex of the heart was in the fifth inter- 
space 7.0 cm. to the right of the mid- 
sternal line. A thrill was felt over the 
entire precordium, but was most marked 
in the fourth and fifth interspaces 2.0 


*The author wishes to express his gratitude to Mr. A. H. Allard, Jr., for the photographs. 
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L_M. 


ORGAN INVERSION SHOWN IN CHEST X-RAYS 
Figure 3 
Both these photographs are made from the front so that the right side of the patient is 
on the /eft side of the photograph. Both of these twins show dextrocardia—the heart being 
located in the bulge toward the left of the photograph in the central clear region. F. M. shows 
a gas bubble in the stomach on her right side, and the diaphram of L. M. is higher on her left. 


cm. to the right of the sternal border. 
The first heart sound was replaced by a 
loud, rough systolic murmur which was 
heard over the entire precordium. The 
second heart sound was accentuated 
especially in the second interspace to 
the right of the sternal border. A soft 
diastolic murmur was heard at the apex. 
The liver and spleen were not palpable. 
Stomach tympany was elicited on the 
right. 

Roentgen films of the chest (Figure 
3) showed dextrocardia. The left leaf 
of the diaphragm was higher than the 
right. A gas bubble in the stomach was 
seen on the right side. Fluorscopic 
studies and gastro-intestinal series with 
barium were not done. 

The electrocardiogram (Figure 4) 
was considered diagnostic of congenital 
dextrocardia. In Lead I, the P, R, and 
T waves were inverted. In Lead II, the 
P wave and the Q-R-S complex were 
inverted; the T wave was positive. In 


refused. 


Lead III, the P wave was positive to 
diphasic; the Q-R-S complex was di- 
phasic; the T wave was positive. 
Further studies revealed that the pa- 
tient had subacute bacterial endocarditis. 
Blood cultures were repeatedly positive 
for Streptococcus viridans. After a pro- 
tracted illness, the patient died on June 
5, 1938. Permission for autopsy was 


Twin II 

F. M., twin sister of the patient de- 
scribed above, was examined shortly 
after her sister was admitted to the hos- 
pital. Physical examination revealed 
dextrocardia with probable complete 
transposition of the viscera. <A_ soft 
systolic blow was heard over the apex 
of the heart and the pulmonary area. 
Roentgen films and fluoroscopic studies, 
which included a gastro-intestinal series 
with barium, demonstrated complete 
transposition of the viscera in both the 
thoracic and abdominal cavities. The 


218 The Journal of Heredity 


Kean: Inverted Twins 


LEAD 2 


ELECTROCARDIAGRAMS INVERTED 


Figure 4 
The record of the heart action of F. M. is 


shown above—of L. M. below. The records 
are identical in their patterns, which are inver- 
sions of the normal situation. The waves of 
lead 1 are inverted as compared with the nor- 
mal, and leads 2 and 3 appear to be inter- 
changed. 


electrocardiogram (Figure 4) was simi- 
lar to that of L. M. and was considered 
diagnostic of dextro-cardia. This patient 
has been under observation for four 
years and is well. 


Medical Background 


Father, mother and two sisters of the 
twins are living and well. They were 
examined; transposition of the viscera 
was not present. No history of familial 
twinning or transposition of the viscera 
was obtained. According to the mother, 
the twins were delivered at full term at 
home. The mother’s antenatal course 
had been uneventful. F. M. was born 
first; a placenta was then expressed. 
Seven minutes later L. M. was born and 
another placenta expressed. Medical 
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confirmation of these statements- could 
not be obtained. The mother took no 
anesthetic; she remembers the doctor’s 
statement that two complete placentas 
were present and actuallv saw both pla- 
centas. L. M. weighed 6 pounds, was a 
lusty infant, and nursed readily. F. M. 
weighed 4 pounds, was weak, unable to 
nurse, and her survival was not antici- 
pated. In two months, however, both 
were approximately the same weight al- 
though L. M. was always slightly heavi-— 
er. The parents were not told of any 
abnormalities by the attending physician. 
When the children were eight years of 
age, L. M. was examined by a physician 
because of a mild upper respiratory in- 
fection. The mother was told, for the 
first time, that dextrocardia was present. 
F. M. was not examined by this physi- 
cian, but a clinical diagnosis of dextro- 
cardia was made shortly afterwards by 
another physician who examined her for 
suspected appendicitis. 

The infancy, childhood adoles- 
cence of the twins were not unusual. 
They had pertussis at the age of 18 
months and measles at the age of six 
years. L. M., at the age of 15 years, had 
a mastoidectomy following an acute otitis. 
media ; she made an uneventful recovery. 
No symptoms of cardiac pathology were 
ever noted. The mother, however, hav- 
ing learned that “something was the mat- 
ter” with the children’s hearts, insisted 
that they refrain from active sports and 
dancing. No doctor advised this limita- 
tion of activity. They grew up to be 
well developed, attractive girls and were 
well until L. M.’s terminal illness. 


Type of Twinning 


Because of the embryologic implica- 
tions, it was extremely important to es- 
tablish whether the twins had a one-egg 
or two-egg origin. The facts that two 
placentas were present and that the 
twins had different birth weights, sug- 
gested, at first, a two-egg origin. How- 
ever, one-egg twins may have two pla- 
centas if the division of the egg occurs 
very early. According to Newman"™ (p. 
22): “It was for a long time thought 
that one-egg twins are always mono-. 


|| 
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chorionic . . . but recent investigations 
have shown that some one-egg twins are 
dichorionic. . . Jordan and Kindred* 
stated: “Human twins resulting from 
similar accidental disjunction of the blas- 
tomeres at the two-cell stage would be 
identical and presumably of the same 
sex, but would each have its own chorion 
and placenta.” The differences in weight 
were considerable but this is not of great 
significance. 

There was excellent evidence that the 
twins were of one-egg origin. The fol- 
lowing list meets the requirements of 
Newman" (p. 89-90) very well. 


1. They looked similar. After the first 
months when the difference in size was 
no longer easily seen, even the parents 
had difficulty in telling them apart. At 
school they frequently exchanged places, 
especially for examinations, so that one 
teacher was forced to extract a promise 
from the twins that they would not do so. 

2. The hair was of the same shade, texture, 
and amount, and even had the same curls. 

. The eyes of both twins were blue. 

. The color and the texture of the skins 
were similar. Both twins had numerous 
small pigmented moles. 

5. The teeth were identical in size and tex- 
ture. The teeth erupted at the same time 
and the decidual teeth were lost at the 
same time in each twin. The mother stat- 
ed: “When we found a tooth erupting in 
one, it was hardly necessary to examine 
the other. We just knew the same tooth 
would be erupting also.” 

The eyelashes and eyebrows were similar. 

The lips and ears were of the same shape. 

. The necks were of the same type. 

The hands were very similar. There was 

a slight difference in the finger nails, the 

distal portions of F. M.’s nails being evert- 

ed upward whereas the nails of L. M. were 

_ straight. The finger prints of L. M., un- 
fortunately, were not obtained. 

10. Both were right handed. 

11. The personalities of both twins were very 
similar. Their tastes in food, books, 
friends, and clothing were similar. 

12. No major differences between the two 
girls were apparent. 


COND 


Discussion 


A completely satisfactory explanation 
of transposition of the viscera is not 
available. McMurrich’ wrote: “It has 
been observed in the case of double mon- 
sters that one of the two fused individ- 
uals frequently has the position of its 
various organs reversed, it being, as it 
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were, the looking-glass image of its fel- 
low. Cases of a similar situs inversus 
viscerum, as it is called, have not infre- 
quently been observed in single individ- 
uals, and a plausible explanation of such 
cases regards them as one of a pair of 
twins formed by the incomplete division 
of a single embryo, the other individual 
having ceased to develop and either hav- 
ing undergone degeneration or having 
been included within the body of the ap- 
parently single individual.” 

Morrill,8 however, believed that there 
is a fundamental distinction between 
double monsters and twins. He pointed 
out that transposition of the viscera is 
not uncommon in monsters, but is ex- 
tremely rare in twins. Newman?® pro- 
vided some confirmation of Morrill’s 
views since he was “able to discover only 
five cases of separate one-egg human 
twins . . . exhibiting situs inversus vis- 
cerum in one of the twin partners.” In 
conjoined twins, as Siamese twins (viz, 
monsters), he!® found “‘situs inversus 
viscerum in one of the components of 
such pairs is the general rule while its 


_absence is the exception.” 


In a paper published in 1928, New- 
man® divided one-egg twins into two 


groups: true duplicates and mirror- 


image duplicates. According to him, 
twinning sometimes occurred before the 
fixation of normal asymmetry, and some- 
times after the fixation of asymmetry. If 
twinning occurred before the establish- 
ment of asymmetry, true duplicates re- 
sulted. If the twinning occurred after 
the fixation of asymmetry, then asymme- 
try reversal resulted in one member and 
transposition of the viscera ensued. This 
theory cannot be wholly correct because 
it does not explain the transposition of 
the viscera in both of one-egg twins. 

Since 1928, however, Newman’s views 
have changed. He believes!” that 
“both one-egg twinning and asymmetry 
reversal are depression effects and that 
twinning favors asymmetry reversal, but 
the two are not always associated.” The 
occurrence of transposition in twins 
tends to confirm this viewpoint. 

The possibility exists that the twins 
with transposition of the viscera were, 
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in reality, two members of one-egg quad- 
ruplets, the two members with normal 
situs having perished in utero. 

One of the twins reported by Rein- 
hardt!* showed clinical evidence of car- 
diac pathology. The heart sounds were 
“impure”. The first sound at the apex 
was prolonged and rough and the sec- 
ond sound was “impure”. After exercise 
a distinct systolic murmur appeared at 
the apex. Palpitation and dyspnea oc- 
curred frequently after exercise. This 
twin was assigned to less active duty, 
whereas the other twin was assigned to 
full military duty since no evidence of 
cardiac pathology was noted. 

A similar situation prevailed in the 
present instance. The cardiac findings 
and the subacute ‘bacterial endocarditis 
without a history of rheumatic fever sug- 
gested that L. M. had congenital heart 
defects other than simple transposition. 
Newman!® wrote that: “Ludwig (’32), 
in his treatise on the right-left problem 
in the animal kingdom and in man, was 
particularly struck by the association of 
situs inversus viscerum with other anom- 
alies. He states that human cases of 
situs inversus viscerum are commonly 
associated with other structural abnor- 
malities, such as harelip, hexadactylism, 
atresia of the digestive tract and malfor- 
mation of the heart. Most of these con- 
ditions are generally regarded as devel- 
opmental arrests of one sort or another 
and as due to a lowering of develop- 
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mental rate at critical moments during 
early development.” 


Summary 


The occurrence of complete transposi- 
tion of the viscera in both of one-egg 
twins is reported. Only one similar re- 
port has previously been published. 
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He Talked With Mendel 


Sixty- four summers ago a youthful representative of one of the great European 
seed-growing establishments interviewed Gregor Mendel in his garden. The inter- 
viewer now lives in America, and his story of this visit will appear in the July 
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BULL TERRIER COLORS 


Figure 5 


A—Head study of a typical White, Ch. Velhurst Vindicator, showing the black nose 
and lips, and a black tick on the upper eyelid. B—Wickselme Lady Be Good, a typical 
head-marked White, and Wickselme Double’s Gift, a Brindle showing the preferred pattern 
of white markings. C—Ch. Beltona Brindigal, a Brindle showing the minimum amount of 
white. D—Sambo of Blighty, a Black and White dog, showing a type of pattern that is 
becoming increasingly rare due to selective breeding for the preferred pattern shown in B. 
E—Brock’s Double. a Brindle showing an extreme extension of the preferred white pattern. 
F—Wuggins Wildfire, a Red dog showing the typical black mask and muzzle. 


a, 
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COAT COLOR INHERITANCE IN BULL 
TERRIERS 


L. Casnot Briccs AND NATHAN Katiss* 


the Bull Terrier was evolved, ap- 

pears first in the sporting litera- 
ture of the opening years of the 19th 
century. Bull-and-Terriers were pro- 
duced by crossing Bulldogs with various 
types of game Terriers, and were sel- 
dom, if ever, line bred for more than a 
generation or two. It was not until the 
eighteen-fifties, when fighting sports had 
been made illegal and bench shows had 
come into being, that the Bull Terrier 
arose as a pure breed. About this time 
James Hinks of Birmingham established 
the white variety in the popular fancy, 
and as a true breed. His son’ and 
grandson® have stated that the bases 
which he used were the Bulldog and the 
White English Terrier (a color phase 
of the black-and-tan Manchester Ter- 
rier), together with the Dalmatian. Col- 
lies, Greyhounds, and other breeds have 
been mentioned as components, but there 
are no records extant to prove their use. 
Bulldogs continued to be used as an out- 
cross for white Bull Terriers probably 
at least as late as 1880.1" 

While the white variety held popular 
sway in the early days, the colored va- 
riety survived in the shape of the fight- 
ing dog, a form we know as the Staf- 
fordshire Terrier. About 1900 some 
fanciers decided to create a colored va- 
rietv comparable in conformation to the 
white. This they did by crossing white 
show specimens with colored fighters. 
In breeding from this cross in subse- 
quent years, whites have been reintro- 
duced repeatedly to improve conforma- 
tion. 


Tite Bull-and-Terrier. from which 


Collection of Data 


Dog breeders are famous for keeping 
records which, from the viewpoint of the 
geneticist, are almost wholly inadequate. 


For example, to breeders of white Bull 
Terriers, anything other than complete 
white is anathema. Ticked and head- 
marked specimens are tolerated, but the 
birth of a body-marked or blue-eyed pup 
assumes the proportions of a family 
scandal to be hushed up at all costs. 
Among breeders of the colored variety, 
a rich mahogany brindle is generally 
preferred, while black-and-tan and tri- 
color are most in disfavor. Thus it is 
next to impossible to get any worth- 
while data on these two last colors for 
the simple reason that no breeder wants 
to reproduce them if he can help it. 
Other confounding factors will appear 
in the color descriptions given below. 

Dr. T. W. Hogarth, himself the 
founder of an outstanding strain of white 
Bull Terriers, has collected and pub- 
lished a really impressive body of data 
relative to coat color inheritance in the 
breed. These data took the form of 
color records of litters with pedigrees 
attached in which the colors of forbears 
were noted over two to five or more 
generations. The data were collected 
by correspondence with breeders all over 
the world, and anyone familiar with the 
Fancy will realize that such an accumu- 
lation represents a remarkable achieve- 
ment. But when weeded out for the 
purpose of genetic analysis, Hogarth’s 
series boils down to a comparatively 
small total. Many litters had to be dis- 
carded where the color of only some of 
the pups was noted, and in other cases 
because of obviously faulty recording. 
The residue of the material, together 
with records kindly furnished by Mrs. 
Mackay Smith, Willett J. McCortney, 
and H. H. Stewart, have been used as 
the basis for this study. 

The genetic analysis presented below 
must therefore be considered as pre- 
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liminary. Nevertheless, something of 
value can be gleaned from the data, and 
perhaps a stimulus provided for future 
work along better directed and more 
accurate lines. 


Classification of Coat Colors 


Bull Terrier breeders in general clas- 
sify coat colors as brindle, red and fawn 
(with intergrades), black, black-and-tan, 
tricolor, blue and white. These color 
classes are variable within the limits in- 
dicated below. 


Brindle (Figure 5 B, C, E) 

The pattern appears on dogs of all 
shades in the range from darkest brown 
(having the appearance almost of black) 
to light fawn. Undoubtedly many 
brindles are not so recorded because 
either the ground color is so dark as 
to obscure the brindling, or the pattern 
itself so faint as to escape detection upon 
casual observation. A further compli- 
cation arises from the fact that the pat- 
tern often does not appear until the dog 
approaches the adult state. 


Red and Fawn (Figure 5 F) 


This group ranges in color from a 
rich brick red to a washed out light 
fawn, similar in appearance to “biscuit” 
in the Pekingese and “buckskin” in the 
horse. Dogs of this group always show 
a more or less well developed black 
mask, densest in the region of the nose 
and eyes, and fading out between these 
points, and at the edges. 

Black (Figure 5 D) 

Self blacks have not been bred inten- 
tionally except by Captain Bassett of 
Buffalo, New York. He has found that 
white tends to persist on the tip of the 
tail, the toes, the chest, and as isolated 
hairs in the body coat. It is most fre- 
quent in the latter regions. Neverthe- 
less, Captain Bassett has succeeded in 
producing numerous wholly black speci- 
mens. 

Black-and-Tan and Tricolor 


These colors are avoided as much as 
possible by the generality of breeders. 
Black-and-tan fits the description for 
other breeds. Tricolor presents a char- 
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acteristic color distribution in Bull Ter- 
riers in that the tan usually occurs as an 
edging around the black areas, rather 
than in separate islands as in the con- 
ventional hound marking. 


Blue 


This color has been extremely rare for 
a good forty years, so that data concern- 
ing its inheritance are not to be found. 
In appearance it is mouse grey with a 
bluish cast. Our data show but five 
specimens in a total of 1,974 animals. 


Patterning in Colored Animals 


The preferred pattern shows a white 
blaze, collar, and chest, white stockings 
in front and white feet behind, with or 
without a white tip to the tail, though 
self color is favorably regarded also. 
Briggs has seen one dog in which the 
whole front half of the animal was white, 
while the whole rear half was brindle, 
the line of demarcation running quite 
evenly around the middle of the body. 
Often one sees a dog completely brindled, 
red, or fawn, except for a small white 
patch on the chest and usually a little 
white on the toes of one or more feet. 
We have never seen one without any 
white. 

Blue eyes (a disqualifying fault ac- 
cording to the show standard) have been 
recorded in one fawn dog of our series. 


White (Figure 5 A, B) 
Most so-called white Bull Terriers are » 
nearly entirely white, with black appear- 
ing on the nose, in small patches on the 
skin, the lips, and the roof of the mouth, 
and often in some of the toenails. Ticks 
(colored spots in the coat, about a quar- 
ter of an inch across) are to be found on 
all whites. They may be of any color 
in the red to fawn range, but our im- 
pression is that they are usually black. 
They are becoming less frequent due to 
selective breeding, but are found to per- 
sist most obstinately in the ears, and 
nearly as strongly in the body coat. The 
amount of ticking varies enormously 
among different animals, but very few 
heavily ticked specimens have been bred 
from in recent years. 
Larger colored patches known as 
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marks, usually two to four inches in 
diameter, occur now and then, most fre- 
quently over one eye or ear, or including 
the eye and ear on one side of the head 
(Coombs*). As body marks they occur 
most often at or near the base of the tail. 
Red or tan hairs may be found in black 
marks. Frequently the mark is red or 
tan with a sprinkling of black hairs. 

From the foregoing description it is 
evident that white in this breed should 
be considered as an extreme piebald. 
However, we do not find, as Phillips! 
has stated for the generality of piebald 
dogs, that ticks “are especially notice- 
able on the feet, legs, and muzzle,” but 
rather the contrary. 


Analysis of Inheritance 


The recording of an animal as white 
by those breeders whose data we have 
used gives no information as to the color 
of the ticks or marks, nor are the data 
on this question available elsewhere. 
Table 3 indicates that piebald (white) 
probably occurs with about the same 
frequency among the progeny of the 
various types of color matings. It may 
then be a fair assumption that in any one 
type of color mating the color factors 
(presumably expressed in the ticks and 
marks) have the same distribution 
among the so-called white animals as 
among the self-colored animals of the 
population. On this ground we have 
excluded white animals from the totals 
in all cases where analyses of color 
segregations are made. For the same 
reason we have not used the data of 
white by colored matings in our consid- 
eration of color segregations. 

The nature of the data does not war- 
rant any comparisons between observed 
segregation ratios and expected Men- 
delian ratios. Accordingly the tables 
present only the frequencies of the vari- 
ous colors. The summarized data are 
presented in Table I. 


Brindle: (Tables 1, 2) 


Darling and Gardner’ are of the opin- 
ion that brindling in the Irish Wolf- 
hound is the heterozygous expression of 
black with red or dun (fawn). They 
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believe this to be the case in the Bull 
Terrier as well. (Darling made a study 
of the Bull Terrier based on the totality 
of Hogarth’s data, and this analysis has 
been published by Hogarth.®) 

Warren’? finds that in the Greyhound, 
black, brindle, and red form a triple al- 
lelic series with dominance in the order 
named. Little and Jones!® postulate a 
triple allelic series in the Great Dane, 
with black dominant to brindle, and 
brindle dominant to fawn. A similar 
series has been demonstrated in Boxers 
by Dahl and Quelprud.* 

The present authors believe that Dar- 
ling and Gardner’s conclusions are open 
to question. The only clear inferences 
that can be drawn from our data are 
that (1) brindle is dominant to non- 
brindle, and (2) a single pair of genes 
may be involved. 

As far as we know, no pure breeding 
lines of brindles have been established. 
It is of interest that in the present data 
only 6 out of 49 matings of brindle by 
brindle gave entirely brindle litters (with 
an average of 5.2 offspring per litter), 
while in the mating brindle by red, 6 out 
of 52 matings gave entirely brindle lit- 
ters (with an average of 5.6 pups per 
litter). These values are within the ex- 
pectation for a heterozygous breeding 
population. 


White: (Tables 1, 3) 


Table 3 divides the litters into white 
and non-white (i.e., all colors lumped to- 
gether). A second column of non-whites 
lists colored animals from those litters 
only that included at least one white pup. 

The indications are that white (pie- 
bald) is a recessive, though no statement 
can be made as to the number of genes 
involved. The variations in the degree 
and manner of spotting may be due in 
part to the action of modifying factors. 
Coombs* states that color marks are 
recessive to the unmarked condition. 
Phillips! has stated that the piebald con- 
dition in dogs “is due to multiple factors 
which behave in their entirety as reces- 
sive although the Mendelian segregation 
is not clear.” It is possible that this is 
the case in Bull Terriers. 
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Briggs and Kaliss: Coat Color 


(It has already been demonstrated 
that matings of white to white yield only 
white progeny (Briggs”). This is true 
whether the white parents are themselves 
derived from all white matings, or are 
the offspring of color matings. Briggs 
has continued his experimental matings 
of color-bred whites iter se.) 

Red: (Tables 1, 4) 

Table 4 presents the data for the 
segregation of red in three columns, red, 
non-red (i.e., all other colors, except 
white), and non-red, from litters having 
at least one red pup. The indications 
are that red is recessive. Whether it is 
allelic to any of the others can not be 
established from our data. 

Black: (Tables 1, 5) 

Black appears in the offspring of every 
cross except one, white by tricolor (due 
to paucity of data?), and often in fairly 
large numbers. It has been established 
as a true breeding line by one breeder, 
Captain Bassett. Genetically it seems to 
behave as a recessive. 

The data for fawn, black-and-tan, and 
tricolor are obviously too meagre to war- 
rant any definite conclusions. If these 
colors do have a genetic basis, then the 
genes responsible for them seem to have 
a low frequency in the Bull Terrier. 
Wright!* has suggested that black-and- 
tan in the dog is a diluted red. Micro- 
scopic examination of the hair pigments 
in all color types might yield some in- 
formation on this point, and might also 
help to establish, for example, whether 
fawn and red may not be diluted black. 
Sex Distribution of Coat Colors: (Table 6) 

For 211 litters (1,303 animals) that 
have the sex recorded the ratio of males 
to females is 127:100. Comparison of 
the sex ratios for each color with that 
for the total population reveals no sig- 
nificant deviations from expectation. 


Discussion 
The establishment of scientific 
breeding program, and the collection of 
adequate data through cooperation be- 
tween breeder and geneticist should be 
of common benefit to both. For the 
geneticist there is the theoretical impor- 
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tance of elucidating. one aspect of in- 
heritance in mammals, and, in this par- 
ticular case, in an animal which is also 
of large economic importance. To the 
breeder there is the incentive of estab- 
lising exact breeding systems so that 
there may be an economy of breeding in 
the attempt to produce a particularly de- 
sired type of animal. 

A case in point is the distinction be- 
tween so-called “pure white” (PW ).and 
“color-bred white” (CBW) dogs (see 
Hogarth*® and Briggs'?). The PIV 
animals .are derived from supposedly 
pure white lines, while the CBW dogs 
have known colored animals in their 
ascendants. Nevertheless, breeders’ rec- 
ords show that CBW animals themselves 
produce entirely white litters when 
mated either inter se or to PW animals, 
just as PW” matings do. Genetically 
then no apparent difference could be 
established between CBW’ and PW as 
far as color inheritance is concerned, and 
if this be true, then it is superfluous to 
maintain the distinction in future rec- 
ords. Of course, breeding tests were 
first necessary to bring this fact to light. 

A scientific breeding program for the 
future involves two necessary proce- 
dures: (1) the establishment of exact 
and generally accepted criteria for desig- 
nating the color types, and (2) planned 
niatings, with complete and accurate rec- 


_ords of matings, litters, and sex of pups. 


Matings should be made reciprocally to 
test for sex-linked inheritance. 
Suggested matings include red to 
black, to test Darling and Gardner’s 
hypothesis that brindle is the heterozy- 
gous expression of these two colors. 
Other needed crosses are black-and-tan 
inter se, and to red and black; fawn 
inter se, and to red and black; and tri- 
color inter se, and by self colored ani- 
mals, to test for piebald factors. A full 
program of experimental matings must 
include all the necessary test crosses. 
No attempt can be made within the 
scope of this paper to outline a full 
breeding program, but it is hoped that 
breeders will recognize the necessity for 
such a planned program and the benefits 
to be derived therefrom. In the mean- 
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while, any new data which might throw 
light on the problems outlined above will 
be most welcome to the authors. 
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Three Generations of Exostoses of the Heel 
Inherited from Father to Son 


Individual characterization : 
I, 1 is the first of whom any knowl- 
edge of the existing condition, exostoses 


FATHER-TO-SON 


Figure 6 


III 


of the heel is known. He married and 
to this union were born six children. 
II, 3, a veterinarian, also possessed 
the trait. He married in 1911 and to 
this union were born four children. 
III, 2 is a student at the University of 
Wyoming and possesses the trait. He 
has great difficulty in getting properly 


fitting shoes and is troubled with this 


abnormal outgrowth of the heel. 

In conclusion this pedigree study 
seems to indicate that this trait is in- 
herited in this family and that it is 
passed from father to son. 

This pedigree was compiled under the 
direction of Dr. M. J. Brown, Univer- 
sity of Wyoming, Zoology Department. 


Ernest A. GouLp 
University of Wyoming 


POLYDACTLY IN A NEGRO FAMILY 


ROSEMARY CALLAN 
North Texas Agricultural College, Arlington, Texas 
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IRREGULAR INHERITANCE 


Figure 7 


The inheritance of extra fingers in this Negro family follows a dominant pattern, with the 
character irregularly expressed. The thumb is affected in some cases and the little finger 


in others. 


ANY cases of polydactyly have 
been reported, with extra fingers 
and toes variously located, and with dif- 
ferent patterns of heredity. Usually the 
defect is dependent upon a single auto- 
somal dominant gene.!’*® The trait passes 
from an affected parent to approximate- 
ly one half of the children of both sexes. 
In some pedigrees polydactyly occasion- 
ally skips a generation; that is, some- 
times a normal person in the pedigree 
will transmit the defect.2 For this rea- 
son, polydactyly is said to be caused by 
an “irregularly” dominant gene, since 
the normal appearing person was a ge- 
netic carrier of the gene causing extra 
fingers. Snyder’ studied polydactyly 
caused by a recessive gene in negroes. 
All polydactylous individuals in the pedi- 
gree inherited the gene for the defect 
from both parents. Oliver® has also de- 
scribed a pedigree of recessive poly- 
dactyly. 
The pedigree herewith reported traced 


polvdactyly through five generations in 
a Negro family (Figure 7). A single 
dominant gene is responsible for poly- 
dactyly just as in several pedigrees given 
by other authors. In nearly all cases the 
trait passes from an affected parent to 
approximately one half the offspring. 
Marriages of affected with normal per- 
sons are expected to give one half nor- 
mal and one half affected offspring be- 
cause the affected parents are heterozy- 
gous for the defect. From twelve mar- 
riages of normal persons either with af- 
fected individuals or with normal-ap- 
pearing carriers of the polydactyly gene, 
there were 22 normal and 29 affected 
children, including normal-appearing per- 
sons who later produced polydactylous 
progeny (such individuals being III-8, 
III-12, and IV-20). The observed ratio 
of 22 normal to 29 affected does not dif- 
fer significantly from the expected 1:1 
ratio. (The probability is between 0.7 
and 0.5 that the observed and expected 
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EXTRA THUMB ON LEFT HAND ONLY 
Figure 8 
A small extra thumb on the left hand of III-4. The right hand is normal with no indication 
of an extra finger. Since this individual must be genetically extra thumbed in both hands, this 
is a demonstration of the fluctuating nature of the dominant expression of this characteristic. 


ratios differ due to chance alone; chi 
square is 0.28; the number of degrees 
of freedom, 1.) 

The propositus, III-4, possessed an 
extra finger on the left hand only (Fig- 
ure 8). The first metacarpal bone on 
the left hand is broader at the antedistal 
end, and the extra finger is attached 
to the metacarpal just to the out- 
side of the normal thumb. It contains 
two phalanges and bears a nail. The 
extra finger looks very similar to the 
normal thumb. In this case the super- 
numery finger originally lay parallel to 
the normal thumb, but the extra finger 
was dislocated when the individual was 
a child so that it now makes a ninety de- 
gree angle to the normal thumb. 

According to the propositus and her 
niece, all other polydactylous persons in 
the pedigree had a vestigal finger com- 


ing off at the base of the little finger. 
These were all removed at birth, but 
the scars can still be seen. Some of the 
individuals had either one or two extra 
toes. Only the propositus, a woman of 
about 35 years of age, and her niece, of 
about the same age and free from the 
defect, were willing to be interviewed 
and examined. 

The gene determining polydactyly 
produces a variable phenotype in this 
pedigree. The range of variation is as 
follows: 

(1) A few of the normal-appearing persons 
are genetically polydactylous. 

(2) In one case the extra finger is on the 
thumb; otherwise it is on the little finger. 

(3) Some persons have extra toes as well 
as extra fingers. 

(4) An extra finger may be on one hand 
and not on the other. 


Callan: Polydactyly 
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X-RAY OF AFFECTED AND NORMAL THUMBS ON SINGLE INDIVIDUAL 


Figure 9 
X-rays of hands of III-4 showing the abnormal structure of the metacarpal bone, which is 


normal in the right hand. 


Bauer, Fischer, and Lenz! state that 
in some pedigrees polydactyly behaves 
as an irregular dominant. They quote 
Sverdrup’s pedigree in which there is a 
range in expression of polydactyly in 
hands and feet of affected persons. V. W. 
Jackson (1937) describes a similar pedi- 
gree of polydactyly. 

Many other cases of irregularity of 
gene expression are known. Haldane? 
described variation in size of lamellar 
cataract. Varying degrees of severe ab- 
normalities may accompany blue scler- 
otics according to Haldane’s description*® 
of Dr. Julia Bell’s cases of blue scler- 
otics. 

Such genes as cause Huntington's 
chorea and optic atrophy probably be- 
long in the same category. According to 
Haldane’s reference* to Dr. Julia Bell's 


work, the age of onset of these diseases 
is variable to a similar degree in the 
same pedigree as in different pedigrees. 
Perhaps such genes as cause polydactyly, 
lamellar cataract, Huntington’s chorea, 
and optic atrophy have a naturally un- 
stable time of action whether it be in 
prenatal or postnatal development. If 
the degree of variation is as similar in af- 
fected members of the same pedigree as 
in affected members of different pedi- 
grees, variability of expression must be 
a characteristic of the main gene itself 
rather than of modifying genes which 
alter the time or rate of action of the 
main gene. 

The author is indebted to Dr. Z. Bobo 
of Arlington, Texas, for making the X- 
ray photograph of the hands of ITI-4. 
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Summary 
A pedigree of polydactyly in negroes 
is presented. An extra thumb, extra 
little finger, and extra toes are among 
the variations in expression of the gene. 
The defect is dependent upon an irregu- 
lar dominant gene in this pedigree. 
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Who’s Got Mahogany? 
(Dept. of Taxonomic Etc. Amplification ) 


To THE EpiTor: 


I have just noticed your little story, “What’s 
In A Plant Name?” on page 33 of THE Jour- 
NAL OF Herepity. The page does not indicate 
the date of issue. 


We do not believe this little story gives a 
true picture of the situation with respect to 
the naming of plants. Systematic botany has 
made tremendous strides in supplying accurate 
scientific names for each species of plants. Out 
of boundless confusion, order has been estab- 
lished to the extent that the great majority of 
plants have a definitely established name for 
each species. When it comes to common names, 
there is still plenty of confusion, but for the 
most part there is an accepted standard name 
for most plants of any importance. 


When it comes to Mahogany, you have one 
of the few outstanding examples of attempts 
to appropriate the name “Mahogany” because 
of the value of the wood product of the trees. 
The Federal Trade Commission has been try- 
ing to decide for fifteen years whether the 
Philippine Dipterocarps are entitled to the 
name Mahogany. It is probable they will de- 
cide in the near future that they are not so 
entitled. 


The case of African Mahogany has never 
been arbitrated by the courts. This is one of 
the situations that is very much of a boundary 
line case and in no way comparable to the case 
of so-called “Philippine Mahogany,” which is 
unrelated to genuine Mahogany. 


Under separate cover we are sending you a 
copy of the third edition of “The Mahogany 
Book” and also a statement on an African 
case which may be of interest. 


Sincerely, 


Gro. N. Lamp, 
Secretary, Mahogany Assoc, Inc., 
75 E. Wacker Drive, Chicago. 


The editor refers Mr. Lamb and the reader 
to Standardised Plant Names to explode the 
dictum that “for the most part there is an ac- 
cepted standard name for most plants of any 
importance.” Like Mahogany, scores, even 
hundreds, of important plants travel under an 
imposing array of popular monikers, and some- 
times, alas, under several scientific aliases as 
well. That is exactly the reason why Standard- 
ised Plant Namcs was so urgently needed.—Eb. 


INHERITANCE OF SHORT METATARSALS 


Morris STEGGERDA 


Carnegie Institution of Washington 


Cold Spring Harbor, New York 


"T’HERE are numerous publications 

showing the inheritance of abnormal 
feet and hands. One type of such abnor- 
malities, namely the shortening of the 
fingers and toes, is described as brachy- 
dactylism. This condition generally in- 
volves the phalanges. Another condition 
has been described in which the metacar- 
pals only are shortened. This is termed 
brachymetapody and affects chiefly the 
fourth metacarpal on one or both hands, 
although it may also affect the other 
metacarpals. The JOURNAL oF HEREDITY 
has published three papers describing 
this condition.» The photographs and X- 
rays shown in these articles all illustrate 
the condition on the hands, although one 
paper cites an individual whose toes were 
likewise affected. 

The present paper deals with a man 
and his sister who live in Yucatan, Mexi- 
co. In both of them only the fourth 
metatarsal of both feet is shortened, the 
hands being normal. The trait was said 
to exist also in a maternal uncle (see 
pedigree, Gen. I, Ind. 1). The two af- 
fected persons seen by the author (Gen. 
II — 1 and 2) married normal-toed in- 
dividuals and their twelve children were 
all normal. The ten children of three 
normal sibs were likewise normal (Fig- 
ure 12). 

Outline drawings of the hands and feet 
of 30 of the 35 individuals shown on the 
pedigree were made by the author and 
as far as he was aware, the three individ- 
uals mentioned were the only ones so 
affected. The hands of all seemed nor- 
mal. The five persons not examined had 
died, but relatives agreed that their con- 
dition was also normal. 

The photographs which accompanv 
this article show that the fourth toes are 
short and the X-ray demonstrates that 
it is the metatarsal bone which causes the 
shortening. The purpose of this article 
is to place on record a case of brachy- 
metapody, wherein the affected joint is 
in the feet rather than the hands. The 
pedigree is too small to determine the 
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FOURTH TOE SHORT 
Figure 10 


A—Photograph of a cast of the left foot of 
individual 3, Generation II. The right foot is 
similarly affected. B—Photograph showing the 
shortened 4th toes of individual 1, Generation 
II (Figure 12). 
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METATARSAL AFFECTED 


Figure 11 

An X-ray picture of feet of individual 1, 
Generation II, shows that the condition is due 
to the shortening of the 4th metatarsal. 


type of inheritance although it does ap- 
pear that the trait is inherited. 
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Varietal Differences 


Of the varieties grown commercially in 
Canada, Regent and Renown wheat contained 
the greatest quantity of thiamin. Garnet con- 
tained the least, while Thatcher, Apex and 
Marquis were not as high as the first two 
—e varieties in comparisons made thus 
ar. 

The thiamin is concentrated in the wheat 
berry largely at the germ end of the kernel 
and in the germ proper. The germ itself, 
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PEDIGREE SHOWING INCIDENCE OF SHORT METATARSAL BONE 
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BB short metatarsal bones 


af x-individual not examined 
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All 8 normot All 4 normal All normal Both normai All normal 


‘igure 12 

The reappearance of the variation suggests 
either incomplete dominant or recessive inheri- 
tance. 


TWO AFFECTED 


+ 


in Thiamin Content 


representing only a small percentage of the 
whole kernel, is not the main contributor to 
the thiamin content of the whole kernel. Those 
cells immediately surrounding the germ must 
also contribute substantially. 

The thiamin content of bakers’ patent flours 
milled in Canada averages about 160 i.u. per 
pound, the fancy grades containing less and 
the lower grades more.—J ACKSON AND WHITE- 
stipe, Sci. Agric., Feb., 1942. 
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STUB, A NEW MUTATION IN THE MOUSE 


With Marked Effects on the Spinal Column 


L. C. DuNN AND S. GLUECKSOHN-SCHOEN HEIMER 
Columbia University 


LITTER SEGREGATING FOR STUB AND NORMAL 
Figure 13 


The bodies of “stub” mice are short as well as the tails. They are remarkably uniform 


in appearance. 


NEW recessive mutant which has 
A been found in an inbred stock of 
house mice, promises to be of un- 

usual interest because of the striking 
changes in the axial skeleton which are 
associated with it. We owe its discov- 
ery to Mr. F. C. Carnochan of Carworth 
Farms, New City, N. Y., who has from 
time to time kindly sent to us mice with 
abnormal tails which have appeared in 
his extensive inbred stocks. In March 
1941, we received from Mr. Carnochan 
a litter of voung mice born in the 21st 


brother-sister generation of “Carworth” 
stock CF,. The litter contained four 
normal animals (26 6, 22 2), anda 
female and a male with short stiff tails 
about one-eighth of the normal length. 
Both of the latter had very short bodies 
but were otherwise vigorous. 

Matings among the normal sibs of 
this litter produced 36 offspring of which 
31 were normal while five had short 
bodies and short stiff tails like the male 
described above. Both of the female 
parents and at least one of the fathers 
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VERTEBRAL COLUMN JUMBLED 
Figure 14 


The entire spinal column is in such disorder that it is difficult to decide just how many 
vertebrae are actually present. It might be expected that nerves would be pinched by this 
jumbled spine, causing paralysis, but no stub mice have been so affected. 


were apparently heterozygous for a re- 
‘ cessive mutation to which the name 
“stub” (symbol sb) was given. 

The results of all matings between ani- 
mals which have been shown by progeny 
tests to be + sb are given in Tabie I 
(classification at birth). 


Stub clearly segregates as a reces- 
sive. The deviation from the expected 
ratio of 25% stub is not significant so 
that viability of stub homozygotes is 
about normal until birth. It is not nor- 
mal after birth, most of the homozygotes 
dying before one month of age. Fewer 
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Dunn and Gluecksohn-Schoenheimer: “Stub” Mice 
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RIBS FUSED 
Figure 15 


The ribs are reduced in number and are irregularly fused together. The skull and limbs 


appear to be entirely normal. 


females than males were recorded at 
birth, but because of high mortality, the 
sex diagnosis at birth (which is subject 
to error in such abnormal animals) was 
not checked later. Further data on this 
will be obtained. 

Although most stub homozygotes fail 
to breed, they are not entirely sterile. 
Matings of stub males by heterozygous 
females have produced three litters con- 
taining 25 normals and 24 stubs. A stub 
female which became pregnant by a het- 
erozygous male was unable to give birth 


and when dissected showed 6 normal and 
3 stub embryos. 


Preliminary tests indicate that sb is 
probably not an allele of the following 
tail mutations: brachy (T), kink (K7), 
fused (Fu), lethals t° and ¢’, flexed 
(fl), twisted (tu), shaker short (st), 
and screw (sc); that is, animals hetero- 
zygous for sb crossed to animals hetero- 
zygous for any of the others have pro- 
duced young which show no interaction 
effects. 
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Morphological Effects of the 
Mutation 


The most striking external features 
of the new mutation are: (1) the re- 
duction of the tail to a short stiff stub; 
(2) the great shortening of the trunk 
region (Figure 13); (3) the great uni- 
formity of all the mutants, which is 
quite unusual for abnormalities of this 
sort. The uniformity is probably due, 
at least in part, to the fact that the muta- 
tion occurred in a long inbred and uni- 
form stock. 

The gross anatomy of stub has been 
studied by dissection and from cleared 
specimens (Figures 14, and 15). The 
most striking departures from normal are 
found throughout the spinal column and 
in the ribs. The shape of the spine is 
very abnormal, kyphosis, lordosis, and 
scoliosis occurring frequently. The 
whole spine is in disorder and it is diffi- 
cult to determine the exact number of 
vertebrae. Of the five cervicals, the 
first appears to be normal, the second 
fairly normal but asymmetrical and the 
others are asymmetrical, abnormally 
formed and fused with each other. The 
number of thoracic vertebrae is greatly 
reduced. In the specimens examined 
remains of only seven could be identified. 
The lumbar vertebrae are also reduced 
in number, abnormal and fused together. 
The sacrum contains elements of four 
vertebrae, all abnormal in shape and ar- 
rangement. The tail stub contains a 
number of scattered vertebral elements, 
out of order and unorganized. There is 
no bony connection with the rest of the 
spine. 

The thoracic basket is wide and flat 
(Figure 14) rather than long and round. 
This is due to reduction in the num- 
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ber of ribs to seven to nine and to 
fusions between them. Often as many 
as two to four ribs are fused with each 
other, leaving wide spaces between the 
groups. The ribs themselves are ab- 
normal and the number of stenebrae is 
irregular. 

In contrast with the great shortening 
and abnormal character of the trunk re- 
gion, the skull is of normal shape and 
size and the extremities retain their nor- 
mal length and shape. This gives the 
mutant its strangely disproportionate ap- 
pearance (Figure 15). The scapulae and 
clavicles and the pelvic girdle seem to 
be quite normal and no internal abnor- 
malities have been found. 

The malformations found in “stub” 
mice show a striking similarity with 
those in the “short-spine” mutation of 
cattle described by Mohr and Wriedt.* 
Both mutants show the same general 
confusion of spinal elements, even to the 
normal appearance of only the first two 
cervicals, all other vertebrae being mal- 
formed. The abnormal bendings of the 
spine are also very similar (lordosis, 
kyphosis, scoliosis). In both stub and 
short-spine the ribs are similarly re- 
duced in number and subject to exten- 
sive fusion; and in both it is difficult 
to understand “how it is possible for the 
spinal nerves to get out from the mess 
of jammed and malformed vertebrae 
in any orderly manner” (Mohr and 
Wriedt). Yet in “stub” animals we 
have observed no paralysis of any kind. 

The resemblance of stub to the cattle 
mutation is much closer than to any of 
the other known tail mutations in the 
mouse. In none of the latter is the 
entire vertebral column affected to such 
an extent as in stub. To be sure, ab- 


TABLE I. Segregation of Stub. 


Parents Offspring 
Normal Stub 
ce) 3 é Total ? Total 
Normal (+/sb) normal (+/sb) BS). 25 101 209 17 3/7. 3S 
197.25 65.75 
Normal (+/sb) stub (sb/sb) 10 13 | 
Expected 29 29 
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normalities of lumbar or sacral vertebrae 
are observed in many of the tail mu- 
tants (st, Sd, fl, T, Ki, Fu, and tailless 
Tt®, Tt', etc.) but generally only indi- 
vidual vertebrae are affected and in none 
is every element so profoundly modified 
as in stub. The same is true of the ribs. 
Fused ribs have been described as occur- 
ring in fused by Reed,® and in flexed by 
Kamenoff,? but we know of no other 
mutant in which the fusion of ribs oc- 
curs as regularly as in “stub,” or where 
the ribs are so abnormal. 

A mutation like this reminds us again 
how flexible is the structure of an ani- 
mal and within what a wide range ‘of 
morphological arrangements normal 
functioning is possible. Moreover, the 
event which threw the whole spine and 
thorax into disorder failed to affect any 
of the other skeletal systems. The spine 
and thorax are thus again shown to be 
to this extent independent of the cranial 
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and appendicular parts. Finally it is 
clear that the short tail by which the 
mutant was first recognized is a mere 
by-product of a much more profound 
and widespread departure from normal 
of some process of early development. 


Literature Cited 


1. Caspart, E., and P. R. Davin. Inheri- 
tance of a tail abnormality in the house mouse. 
Jour. of Heredity 31:427-431. 1940. 

2. Dunn, L. C. Heredity and development 
of early abnormalities in vertebrates. Harvey 
Lectures Series XXXV: 135-165. 1939-40. 

3. Kamenorr, R. J. .Effects of the flexed- 
tailed gene on the development of the house 
mouse. J. Morph. 58:117-155. 1935. 

4. Mour, O. L., and C. Wriepr. Short 
spine, a new recessive lethal in cattle; with a 
comparison of the skeletal deformities in short- 
spine and in amputated calves. Jour. of Ge- 
netics XXII: 279-297. 1930. 

5. Reep, S. C. The inheritance and ex- 
pression of fused, a new mutation in the house 
mouse. Genetics 22:1-13. 1937. 


Heredity and Environment in the Causation of Leprosy 


* * * Concepts in leprosy have followed 
these changing trends in thought in the epi- 
demiology of infectious diseases. The doctrine 
of heredity transmission, promulgated by 
Danielssen and Boeck, prevailed from 1848 
until the discovery of the Hansen bacillus in 
1874. The viewpoint of the contagionists then 
came to the forefront and has remained pre- 
dominant, the failure of the disease to follow 
ordinary lines of contagion being attributed to 
supposed variations in the degree or duration 
of exposure to the infectious agent. For ex- 
ample, the well-known familial tendency of 
‘the disease has been ascribed to “prolonged 
and intimate exposure.” But, with the recog- 
nition of the tendency of leprosy to remain 
restricted to certain regions, races, and fami- 
lies for long periods of time, beyond anything 
which could be explained by corresponding 
restrictions in exposure, doubt has been thrown 
upon the belief that contagion is the major 
determinant in the distribution of the disease, 
and the role of more remote influences is again 
being considered. 

Hereditary susceptibility, a factor which has 
long been believed to be concerned in the oc- 
currence of leprosy in those exposed, has been 
the subject of previous communications in con- 
nection with certain foci of the disease on 
the North American continent. This paper 
presents a study of certain regional, racial, 
and familial relationships of leprosy through- 


out the United States with similar implica- 
tions. The data comprise information concern- 
ing 927 admissions to the U. S. Marine Hos- 
pital, Carville, La., during the 18-year period 
from February 1921 (when the Louisiana 
Leper Home was acquired by the Federal 
Government) to December 18, 1939, including 
the place and date of birth of the patient, race, 
and sex, and place and date of admission. 
Since names of patients are not available, this 
study is restricted so far as familial occur- 
rence is concerned. 

Admission to the hospital rests upon State 
regulations, and, although these differ in the 
various States, it would seem likely that the 
general consensus in regard to segregation is 
such that the number of patients at Carville 
is probably a fair index of the distribution of 
the disease in the United States (although esti- 
mates give varying proportions, down to one- 
half of those that actually exist). 


LEPROSY IN AMERICAN-BORN PERSONS 
The data include 497 cases of leprosy 
among persons born in various parts of the 
United States. For epidemiological study, two 
groupings have been made: (1) Those born 
in and admitted from the same State, and 
designated “stationary cases”; (2) those born 
in one State and admitted from another, the 
so-called ‘migrant cases.” The stationary 
cases probably are a more accurate index of 


DISTRIBUTION OF LEPROSY CASES 
Figure 16 


Location of 396 cases of leprosy born in and admitted from the same state. In the foci of 
the disease, only certain racial groups are affected. From Public Health Reports, June 27, 


1941, P. 1329. (Single cases in N. Y., N. J., Ill., and Minn. [2 cases] not shown.) 


geographic distribution, since the difficulty in 
setting accurately the time of infection in 
leprosy, with its variable and often prolonged 
incubation period, makes the actual place of 
origin of the migrant cases more uncertain. 

* 


Regional distribution—The geographic dis- 
tribution of the 396 patients born in and ad- 
mitted from the same State, and hence pre- 
sumably stationary, is shown in Figure [16]. Of 
this group, 370 patients were, by birth and 
admission, from California, Texas, Louisiana, 
and Florida, revealing four areas of concen- 
tration of the disease which have been desig- 
nated “major foci.” An additional case may 
also be associated with this group, a patient 
with a history of residence in Texas and Cali- 
fornia, althought born in and admitted from 
a State outside of the focal area. 

Of the remainder, 17 patients were born in 
and admitted from States which are considered 
lesser foci, not.so much because of the number 
of cases in this series, but because of the con- 
tinued occurrence of the disease in these places 
for a long time prior to the period covered in 
the present paper (2, 3, 4). Fourteen patients 
were born in and admitted from the southeast- 
ern States of Mississippi, Alabama, Georgia, 
and South Carolina (2 of these had also 
resided in States considered major foci), and 
3 patients were born in and admitted from the 
northwestern States of Minnesota and Wis- 
consin. 

Four of the eight remaining cases give a 
history of having resided in a foreign country 
where the disease prevails. Thus, only 4 of 
the 396 stationary cases in the series fail to 
give a history of contact with a local or for- 
eign focus of leprosy. 

* * * 

Raciai distribution—There is a limited cor- 

respondence in geographic distribution between 


the two groups of cases born in the United - 
States and the group born outside the United 
States, namely, the high incidence in Cali- 
fornia, Texas, Louisiana, and Florida. On the 
other hand, in such States as New York, Mas- 
sachusetts, Michigan, and Illinois, which have 
a considerable number of imported cases, there 
is no leprosy among the native-born popula- 
tion. 

Racially, there is still less relationship be- 
tween the native- and foreign-born cases of 
leprosy in the same areas. In California, we 
do find a proportion of domestic cases occur- 
ring in the same racial stocks as the imported 
cases. Texas has the largest proportion of 
domestic cases of the same stock as the immi- 
grant cases, but even here numbers of cases 
occur in other racial groups. In Florida and 
in the larger focus in Louisiana, the foreign- 
born and domestic cases are in different racial 
stocks. 

The geographic and racial groupings of 
American-born cases thus make it evident that 
the introduction of leprosy from without only 
partially explains the existence of the leprous 
foci in this country. The disease may spread 
to individuals in the area who are of the same 
stock as those introducing the infection, but 
just as often it is associated with other racial 
groups living in the same area; or it may not 
spread at all. In no case is leprosy present 
in all racial stocks in the areas involved in 
proportion to their numbers. 

The propagation of the disease, therefore, 
appears to be dependent in part on the presence 
of certain racial groups, not necessarily of the 
same origin as those which introduce the in- 
fection. * * * —Regional, Racial, and Familial 
Relationships in Leprosy in the United States. 
by W. Lioyp Aycock and Joun W. HAwk- 
ns, Public Health Reports 56:1324-1336. 


June 27, 1941. 
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INBRED MICE 


FOR RESEARCH IN EXPERIMENTAL BIOLOGY AND MEDICINE 


URING the past few years this Laboratory has completed the establishment of a number 
LD of inbred and hence genetically homogeneous strains of mice which have proven extremely 

valuable for research in experimental medicine and biology. The inbreeding is carried 
on through repeated brother times sister matings. The essential consequence of the inbreeding 
is that the individuals within a strain become increasingly uniform in their heredity and after 
twenty generations may be regarded for ali practical purposes as genetically identical. The use 
of such material largely eliminates a common source of difficulty in biological investigations, 
namely, the inherent variability of the organisms ordinarily available. The uniformity of inbred 
strains is illustrated by the fact that tumors originating in such a strain, when transplanted, 
will grow in 100% of the individuals of that strain, but will grow irregularly if at all in other 
strains. 

Careful checks are maintained on the homogeneity of the strains carried by this Laboratory. 
Sublines tend to develop within an inbred strain due to the accumulation of minor mutations. 
These are detected and where advisable eliminated through the use of appropriate tests and 
breeding methods. 

The Laboratory will welcome inquiries from scientific laboratories and hospitals concerning 
the inbred stock available or with regard to the possibility of providing stocks and types suitable 
for special experimental problems. 


Supply Department 
ROSCOE B. JACKSON MEMORIAL LABORATORY 
Bar Harbor Maine 


Proven FEED FOR EXPERIMENTAL ANIMALS 


Dickinson’s Globe Feeds have long been recognized as being the practical method 
of supplying laboratory animals their full nutrition in the simplest and most eco- 
nomical way. 

Because these feeds are dry, storing is easy and the matter of feeding is simpli- 
fied with a great cut in waste. 


Globe Feeds are always uniform in quality and analysis due to being produced 
under rigid inspection with modern equipment by a firm with 88 years of experience. 


FOR RABBITS FOR GUINEA PIGS 
Globe Rabbit Glob-ets to be supple- Globe Rabbit Glob-ets to be supple- 
mented with hay. mented with hay. 


Globe Rabbit with Alfalfa, meal form— Globe Rabbit with Alfalfa, meal form— 


complete. complete. 
Globe Rabbit with Alfalfa, pellet form— Globe Rabbit with Alfalfa, pellet form— 
— Supplement with Vitamin C carrier three 
times a week. 
FOR RATS AND MICE FOR DOGS 
Dickinson’s Dog Food—Nugget—Pellet Dickinson’s Dog Food—Nugget—Pellet 
or meal form. Dickinson’s Kibbled or meal form. Dickinson’s Kibbled 
Dog Food. Dog Food. 


GENEROUS SAMPLES FREE 
To supervisors of experimental animals, we will send a free sample, large enough 
to make an adequate test. Just tell us the kind and quantity of food desired. 


THE ALBERT DICKINSON COMPANY 


2750 WEST 35TH STREET, Est. 1854 CHICAGO, ILL. 
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